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The development of edema during the course of acute infectious diseases has been observed in patients for many years. The retention of water and salt during the course of untreated pneumococcal pneumonia was described early in the century (1) . The loss of chlorides from the blood and their subsequent excretion in the urine during recovery was shown to be associated with retention by the body of sodium and calcium while potassium and magnesium were excreted normally or in excess.
After antipneumococcal horse serum became available for treatment of pneumonia, serum sickness developed frequently in patients during convalescence. The clinical picture of serum disease with edema and fever was shown to be accompanied by the retention of chlorides and water in the body (2) . Further investigation of serum disease in human-beings revealed that the clinical symptoms are associated with the appearance in the blood of precipitins against the species of animal in which the therapeutic serum was prepared (3) . The appearance of precipitins precedes recovery from the disease by a short interval and is coincident with disappearance of the antigen. These studies indicated that antigen-antibody reactions were of clinical significance in the production of disease in human beings, and that the mechanism was in some way related to that of experimental anaphylaxis in animals.
During the course of studies on patients with Rocky Mountain spotted fever, it was observed that alterations in the distribution of body fluids with the development of marked clinical edema reached a maximum just before clinical recovery iThis study was supported (in part) by research grants from the John and Mary R. Markle Foundation, the National Heart Institute of the National Institutes of Health, Public Health Service, and the Atomic Energy Commission.
begins. The alterations in distribution of fluid appear to predispose to peripheral circulatory collapse. In such crises the blood chlorides, blood volume and extra-vascular thiocyanate space are altered transiently but return to normal with recovery (4) . Observations in one patient who had been given hyperimmune rabbit antiserum for Rocky Mountain spotted fever showed that the alterations in the blood volume and thiocyanate space, which occurred during classic serum sickness following recovery from the initial disease, resembled strikingly those seen in the same patient during the acute phase of the rickettsial infection. These observations suggested the possibility that an immune reaction may be directly or indirectly responsible for the changes in the permeability of membranes which permit alterations in fluid distribution in rickettsial spotted fever.
The present experiments were undertaken to determine if changes in the blood volume and thiocyanate space occur in an antigen-antibody reaction induced without infection and to relate the physiologic alterations to the development of immunity. The anatomic changes occurring with serum sickness have been well studied, but the physiologic alterations induced by the disease are very poorly understood (5 During the clinical peak of the disease, determinations of the blood volume and thiocyanate space were done on two successive days. All animals in group 2 were followed at least 24 days following the injection of plasma, unless accidental death from hemopericardium supervened. A minimum of seven determinations were done on each animal in group 2 after the baseline was established.
In order to interpret the data critically a satisfactory statistical method of analysis had to be devised. It was necessary to determine whether groups could be compared or whether each individual animal must serve as its own control. The data from groups 1 and 2 were analyzed by several techniques and the results obtained were submitted to an impartial arbiter for criticism.2 A satisfactory statistical method was devised and the definitive experiment designed to improve the statistical significance of the data obtained in the preliminary experiments.
Definitive experiment: Twelve rabbits (group 3) of more uniform size, weighing approximately 2 kilograms each, were injected with human plasma. The chemical and immunologic techniques and experimental procedure as described above were followed. At least two baseline determinations were made every second day on each animal. After the second determination, each animal was injected intravenously with a single dose of 3 ml. of plasma per kilogram of weight. Precipitin tests were performed daily on each rabbit, but no further fluid vol- 2 We are deeply indebted to the Institute of Statistics of the University of North Carolina, Raleigh, N. C., for critical review of the data and for suggesting the method subsequently used. 
The calculated value for t was compared with the value at n -1 degrees of freedom as obtained from standard tables.
The data as obtained in absolute values were then calculated in terms of milliliters per kilogram of body weight on the day the measurement was made. The statistical significance was determined by the same formulae.
In view of the fact that the experiment was planned to evaluate changes in a febrile illness occurring in a growing animal the difference in the amount of food and water ingested by the animals unavoidably introduced variables which were difficult to control. Accordingly, the data were re-calculated in terms of milliliters per kilogram of initial body weight (the day of the first baseline determination) in order to avoid consideration of differences in food and water intake and in order to permit ready comparison with the data in group 1. The statistical significance was then determined by the same method.
It should be noted that in the definitive experiment no attenpt was made statistically to compare the experimental group as a whole with the control group. Each animal served as its own control.
RESULTS
Control on methods: None of the animals in group 1 showed any symptoms or signs suggesting serum sickness. No reaction was noted in any rabbit to the repeated intravenous injection of dye and no evidence of sensitization was detected by skin or precipitin tests. The fatal dose of T-1824 dye was found to be 3 mg. per kilogram of body weight given intravenously; death occurred within 15 minutes.
Moderate variations in plasma volume, thiocyanate space and total blood volume per kilogram of body weight and in the hematocrit were noted among the different animals. In serial determinations on a single rabbit, however, the results were much more uniform. When the data obtained near the end of the experiment were examined, a slight decrease in the thiocyanate space in relation to Tables I and II.   362   _  II  II  I  I   I1 11 I   I   II 11I II I II II II I I I These data have subsequently been extended in a series of 45 animals in conjunction with other studies on normal values in rabbits (7).
General observations: Clinical serum sickness, manifested by erythema, edema, or both at the base of the ears, generalized subcutaneous edema and hyperirritability developed in 10 of the 11 animals in group 2, and in 11 of the 12 animals in group 3. Clinical signs usually began on the fifth or sixth day following the initial injection of plasma and usually lasted two or three days. The edema was most striking in the skin over the abdomen, but was not evident unless the fur had been clipped; the skin appeared pale and felt soggy, hot, and moist. Fever (rectal temperature over 40 C.) was not a constant feature of clinical serum sickness. The clinical severity of serum sickness bore no relation to the size of the sensitizing dose. Multiple injections produced no more severe reactions than did single injections. The Preliminary experiments: The alterations in plasma volume, thiocyanate space, total blood volume, and hematocrit which were observed in a representative rabbit sensitized with human plasma are illustrated in Figure 2 . The changes in fluid distribution bore no direct relationship to the sensitizing dose of plasma, but paralleled the clinical severity of the disease.
In 10 of the 11 animals in g-roup 2 increases in the thiocyanate space developed at some time during the period of observation. In eight animals two rises occurred, the first usually between the third and sixth days, and the second between the 11th and 20th days. The first rise usually coincided with the onset of the clinical manifestations; the second was usually marked by an increase in the subcutaneous edema. The changes in the thiocyanate space usually paralleled the weight changes, especially with the second reaction. Certain discrepancies were noted, however.
The most profound drop in plasma volume was noted in those animals which developed the severest clinical signs of serum sickness and the greatest and most prolonged increases in thiocyanate space. In seven animals there was no significant decrease in plasma volume, however.
In the four animals which showed a definite drop in plasma volume an appreciable decrease in the total blood volume also occurred. In four animals no changes in the total blood volume occurred during the experimental period.
In all the animals with severe early clinical manifestations of serum sickness a drop in hematocrit was associated with a rise in thiocyanate space and a decrease in plasma volume. In six animals no striking variations in the hematocrit occurred SERUM The data all show statistically significant differences between the baseline values and those obtained at the time of the humoral antibody response. The value of t was considered significant if P was <.01. crit in association with the second rise in thiocyanate space.
In all 11 animals positive precipitin tests to human plasma developed between the third and the 12th days following the initial injection of plasma. In eight animals the thiocyanate space decreased and the clinical symptoms and signs subsided as the precipitin tests became positive. In all animals except one the precipitin tests remained positive throughout the period of observation. In this animal, which was followed longer than the others, the precipitin test was negative after the 28th day.
Definitive experiment: The alterations in plasma volume, thiocyanate space, total blood volume, hematocrit and body weight are summarized in Table III .
The statistical analyses are summarized in Table IV. A statistically significant increase in thiocyanate space was noted in each-animal at the time the humoral antibody was first detected. In all instances a return to baseline values had occurred by the 20th day after injection of the sensitizing dose. A significant increase in body weight oc-curred during the period of alteration in thiocyanate space. The body weight continued to increase from normal growth after the animal recovered from serum disease.
In contrast to the increase in thiocyanate space and weight, a statistically significant decrease in plasma volume, total blood volume and hematocrit occurred in all animals.
All of the data are statistically significant, whether the calculations are based on the comparison of 1) absolute values; 2) values based on milliliters per kilogram of weight on the day of the determination; or 3) values based on milliliters per kilogram of weight on the day of the first baseline measurement.
In order to determine whether these changes were reversible, the mean of two consecutive determinations at the termination of the experiment was compared with the mean baseline values in each animal. The mean differences for the body weight, plasma volume, total blood volume, and the thiocyanate space were not significant. The decrease in the hematocrit at this time was significant. These data are not included in the tables.
In all 12 animals positive precipitin tests to human plasma developed between the fourth to the eighth day after injection. The distribution was as follows: (3) .
The greatest change was observed in the thiocyanate space. Alterations in the plasma volume and the hematocrit were less pronounced in magnitude and were more transient, lasting only one to three days as compared with the changes in thiocyanate space which occasionally persisted into the second week. The weight of the animals tended to increase with the increase in thiocyanate space, though the changes could not always be correlated closely. Apparently the normal distribution of fluid in the body was altered as the result of an increase in permeability of membranes which was completely reversible.
Methods: The chemical methods were reliable since the results in the control animals (group 1) were consistently reproducible. The possibility that the dye might act as an antigen, producing serum sickness, or as a haptene, forming a new compound which might induce an auto-antibody response, was ruled out by the preliminary experiments.
The variability between individual animals in the experimental group (group 3) was controlled by determining baseline values on each rabbit and comparing these values with the response in the same animal for the statistical analysis. The effect of growth and of variations in food and water intake was apparently of little significance in this experiment, since the data were found to be statistically significant whether calculated in terms of absolute values or in relation to weight at the time of the first baseline determination or on the day of the immunologic and clinical response.
Though The drop in hematocrit though slight may indicate a loss of red blood cells from the vascular compartment. The drop was apparently not due to repeated bleeding since the hematocrit remained constant in group 1 in which more determinations were done in the same interval of time. No jaundice was noted clinically and the serum was never icteric, hence it seems unlikely that the red cells were hemolyzed. It is possible that the red cells were reduced in size or that they were pooled in some portion of the vascular tree which was not measured by the techniques used.
Cellular permeability: It is not known whether the thiocyanate ion normally diffuses into cells or not. The increase in thiocyanate space therefore could be due to 1) interstitial edema, 2) increase in permeability of cells to the thiocyanate ion, 3) destruction of tissue cells with liberation of -cellular water, or 4) dehydration of cells with a shift of intracellular fluid into the interstitial spaces. The fact that some animals showed a sudden increase in thiocyanate space without an increase in body weight would favor the thesis that some redistribution of fluid had occurred whether or not additional fluid ingested in food or water was retained. The hypothesis that tissue cells were destroyed, liberating additional water and making it available for dilution of thiocyanate ion, does not seem likely. The rapidity of the increase in the thiocyanate space and its reversibility makes this explanation appear highly improbable. Such a sudden increase in thiocyanate space without an increase in body weight would have to mean that the associated tissue destruction exceeded the amount of interstitial edema. Furthermore, preliminary nitrogen balance studies in other rabbits have disclosed no marked increase in the excretion of urinary nitrogen, and presumably in cell destruction, during clinical serum sickness.
Mechanisms: It is not known whether the antigen in serum disease attaches solely to the vascular wall or to tissue cells outside the vascular system as well. As far as the effect on the circulation is concerned, it would be immaterial whether the loss of substances from the vascular tree is attributable to an abnormal passage of fluid between the endothelial cells, as would occur if the permeability of the intercellular cement substance were decreased, or whether the permeability of the
